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Background

• Excessive camber for full prestressing

• Constructibility issue due to high density reinforcing bars in RC 

• Structural crack width control at Service Limit State for certain 
environmental conditions or structural elements

• Excessive deflection of reinforced concrete structure

To find a solution for the following issues:
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Introduction to Partial Prestressing

What is Partial Prestressing?
Partial prestressing is a structural concrete utilizing a combination of both prestressing
Steel and passive reinforcing steel which allows tensile stresses and limited crack width 
at Service limit State load combinations and also satisfy Ultimate Limit Stage at the same time. 

What is Full Prestressing?
Full prestressing is a prestressed concrete with compression dominant and zero tension allowed at
Service Limit Stage load combinations and also meet Ultimate Limit Stage.

The 2010 fib model Code is no longer differentiated between full prestressing, partial prestressing and 
Reinforced concrete.  It treated the structural concrete as one continuous spectrum from reinforced 
Concrete to full prestressing.  Some other countries in Europe, Switzerland and Australia design codes 
also adopting similar approach like fib.  
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Introduction to Partial Prestressing

Brief History of Partial Prestressing Concept

1930: Eugene Freyssinet of France was responsible for the development of full prestressing, used high
strength steel to overcome concrete creep & shrinkage and established design criteria that the 
concrete is in compression (no tension is allowed). No ultimate strength check required.

1939: von Emperger of Austria recommended that ordinary reinforced concrete be provided with 
additional prestressing wires to control deflection and crack width, including checking of strength
under ultimate load conditions.

1945: Abeles of UK suggested the non-prestressed reinforcement might consist of high strength steel of 
the same type would either be tensioned only a part of them to their full capacity, or all of them to
an initial prestress well below that normally utilized in prestressing, including checking of strength
under ultimate load condition.  Abeles idea was opposed by Freyssinet who stated that “No half-
way house” between prestressed and reinforced concrete.  



Introduction to Partial Prestressing

The status of Partial Prestressing Concept Acceptance Around the World

1953: The West Germany Code of Practice for Prestressed Concrete (DIN 4227) introduced Limited (Partial) and
full prestressing.  The Code required minimum reinforcing steel of 0.3% of concrete cross section for Limited
prestressing.  No reinforcing bars required for full prestressing.  

1959: British Code of Practice (CP115) accepted limited tension stress in prestressed concrete design.  
1968: The Swiss Code SIA 162 adopted Partial Prestressing as official design practice in Switzerland. Currently,

the SIA 162 adopted a unified approach to reinforced, partially prestressed and fully prestressed concrete.
For railway bridges, no tension is allowed and fatigue must be checked.

1970: The Joint European Committee on Concrete (CEB-FIP), establishes three classes of prestressed concrete:
Class 1: Fully prestressed, no tensile stress is allowed at service load.
Class 2: Partially prestressed, occasional temporary cracking is allowed under infrequent high loads.
Class 3: Partially prestressed, permanent cracks with limited crack width is allowed under service loads.

1972: British Code of Practice (CP110) introduced Class 3 concrete which allowed cracks to be present under 
Service Loads (Partial Prestressing) 

1978: Australian Code AS 1481 contains amendments related to design of partial prestressing.
2010: fib Model Code for Concrete Structures 2010 also adopted a unified approach to reinforced, partially prestressed, and

fully prestressed concrete.



Introduction to Partial Prestressing
Advantages of Partial Prestressing Concept

1. Less prestressing steel (saving project budget).
2. Reduce camber in case of full prestressing.
3. Better control of crack width at service loads in case of reinforced concrete.
4. Better control of deflection at service loads in case of reinforced concrete.
5. Improvement in constructability in case of reinforced concrete.
6. Improvement in durability especially in extremely corrosive and high relative

humidity
7.  A better solution for cases where live loads is larger than dead loads.

1. Fatigue strength issue for repetitive live loads, e.g. train loads.
2. The accuracy in computing crack width at service limit state.

Disadvantage of Partial Prestressing Concept
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Design Approach

Decompression

Load  vs Deflection Curve (A.E. Naaman)



Design Approach
Statically Determinate Structures (Hugo Bahmann of Switzerland)

M(Dec.): Decompression moment 
The applied bending moment in combination with effective prestressing after all losses resulted in 
zero stress at the extreme fiber at which tensile stresses are caused by applied loads. 



Design Approach
Statically Inderminate Structures (Hugo Bahmann of Switzerland)

M(Sec.): Secondary moment due to prestressed after all losses



Design Approach
Degree of Prestress (Hugo Bachman of Switzerland / SIA 162)

1. Service Load Degree of Prestress

2. Permanent Load Degree of Prestress

Notes: 
DP1 = 0.0 (No prestressing)
DP1 = 1.0 ( Full prestressing)
DP2 = 1.0 (Full prestressing for permanent loads only)



Design Approach
Prestressing Index (A.E. Naaman / AASHTO LRFD)

Where:
PPR = Partial Prestressing Ratio

Notes: 
 PPR = 0.0 (No prestressing)
 AASHTO LRFD is no longer included PPR in the current edition 



Design Approach

Step by Step Design Procedures

1. Select bending moment to be supported by PT (Decompression bending moment)
2. Determine the PT forces required
3. Determine the area reinforcing steel (non PT)
4. Detailing
5. Compute crack width
6. Compute deflection
7. Compute flexural strength of combined of PT and reinforcing bars

Notes: Iteration may be necessary in order to obtain the suitable PT and reinforcing bars to meet  both
Serviceability and ultimate limit states.



Design Approach

Select bending moment to be supported by PT

DP2 ≥ 1.0            M(Dec.) ≥ 1.0 M(D)

Consideration for selecting DP2

1. Durability, environment, crack width limitation
2. Economic
3. Constructibility / detailing
4. Deformation
5. Fatigue, e.g. structure with repetitive live loads such as train (select DP1 = 1.0)

DP2 < 1.0 should be considered for cases with live loads are much smaller than the permanent loads 



Design Approach

Determine PT forces required

Where:
e = PT tendon eccentricity
k1 = distance from centroid of uncracked section to kern limit opposite to center of gravity of PT tendon,

e.g. if the PT is below the concrete centroid, k1 is the top kern limit.
Pi = Initial prestressing force prior to longterm loss of prestress.
η =  Approximate ratio of P(ef.) over Pi  ranges from 0.85 to 0.9



Design Approach
Determine the area of reinforcing steel

Where:
Mu = Factored ultimate moment of a section
Mn=Nominal flexural resistance
Ф = Resistance factor per LRFD Article 5.5.4.2
fps= Average prestressing steel stress at nominal resistance 

Min. reinforcing steel recommended is 0.3 % – 0.8 % of area of 
concrete tension zone.



Design Approach
Detailing

Consider the following factors in PT and reinforcing bars detailing:

1. Consider smaller spacing of reinforcing bars  so that the cracks width is limited and well 
distributed.

2.    Place the reinforcing bars as close as possible to the extreme tension face
3.    PT tendons should be confined by the reinforcing bars and apply practical standard practice in deciding

tendon size. 
4.    Apply common sense to balance the number of reinforcing bars vs tendons to avoid constructability 

Problem at critical locations.  If necessary increase the degree of prestress and reduce reinforcing bars.



Design Approach

Cracks Control

 Cracks are unavoidable in structural concrete
 Cracks and crack width can be control by design

Reasons for Crack Control

 Appearance, aesthetic, public concern
 Risk of reinforcement corrosion in aggressive environment
 Risk of water and gas intrusion 
 Cracks can change the structural behavior such as unexpected deformations / deflections

Advantages

 Cracks in concrete confirm the behavior of the structural concrete 
 For seismic resistance structures, cracks could dampening seismic forces
 Cracks can dampening vehicle and ship impact forces



Design Approach
Crack width Limit

FDOT: Standard Specification Section 400-21 Disposition of Cracked Concrete

0.004”=0.1 mm
0.008” = 0.2 mm
0.012” = 0.3 mm



Design Approach
Crack width Limit

FDOT: Standard Specification Section 400-21 Disposition of Cracked Concrete



Design Approach
Crack width Limit

Fib Model Code for Concrete Structure 2010

RC PL1 PL2 PL3

XO 0.3 0.2 0.3 0.3

XC 0.3 0.2 0.3 0.3

XD 0.2 0.2 0.2

XS 0.20 0.2 0.2

XF 0.2 0.2 0.2

Table 7.6-1: Crack width limit (mm) for reinforced members and prestressed members with bonded prestressing

0.2 mm = 0.008”
0.3 mm = 0.012”

XO: No risk of corrosion, e.g. very dry environment
XC: Corrosion induced by carbonation
XD: Corrosion induced by chloride other than sea water
XS: Corrosion induced by chloride from sea water
XF: Freezing and thawing attack

Florida is considered in PL2 category



Design Approach
Crack width Limit by Distribution
Of Reinforcement (AASHTO LFD)



Design Approach
Crack width Limit by Distribution
Of Reinforcement (AASHTO LRFD)



Design Approach
Crack width Limit

ACI Committee 224

Exposure Condition Crack Width 
(in.)

Crack Width 
(mm)

Dry air or protective membrane 0.016 0.41

Humidity, moist air, soil 0.012 0.33

De-icing chemical 0.007 0.18

Sea water and sea water spray; wetting and drying 0.006 0.15

Water retaining structures 0.004 0.10



Design Approach

Crack width limit

CP 110



Design Approach

Crack Width Determination

There are several methods in predicting crack width for prestressed concrete:

1. Method 1: Based on hypothetical tensile concrete stresses at extreme fiber in an un-cracked 
section (simple , not accurate, for bonded PT only), e.g. CP-110

2. Method 2: Based on steel average steel stress / strain  and crack spacing computed by cracked section
analysis, e.g. fib model Code. 

3.     Method 3: Based on steel stress at the crack, concrete cover, and area of concrete around each bar,
Gergely-Lutz equation adopted by ACI and AASHTO 
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Example of a Pier Cap Design



Example of a Pier Cap Design

Designed by:
AASHTO LFD Design Spec 



Example of a Pier Cap Design



Example of a Pier Cap Design

Typical cracks pattern

Measured crack width varies from 0.005” to 0.013” 
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Example of a Pier Cap Design

Designed by:
AASHTO LFD Design Spec.
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Potential Application

 Cast-in-place structures in general
 Pier Cap
 Straddle beam
 Footing
 Pier column
 Transverse Design for box girder
 Precast girders with large camber
 Deck slab
 Arch bridge



Thank you for your attention
Any questions?


